Introduction
============

A cholestatic liver disease (CLD) arises during bile formation and/or flow dysfunction due to genetic, immune, environmental or other factors, developing into severe hepatobiliary diseases and systemic sequelae ([@b1-etm-0-0-8826]). When cholestasis occurs, the level of bile acids in liver and serum rises sharply and ends up with acute hepatotoxicity, bile duct proliferation and even hepatic fibrosis ([@b2-etm-0-0-8826],[@b3-etm-0-0-8826]). Therefore, it is urgent to explore the mechanism by which cholestatic hepatitis develops, and find new targets ([@b4-etm-0-0-8826],[@b5-etm-0-0-8826]).

Inflammatory responses are often found in the process of fibrosis ([@b6-etm-0-0-8826]) as an increase in the levels of inflammatory cytokines and a decrease in anti-inflammatory cytokines ([@b7-etm-0-0-8826],[@b8-etm-0-0-8826]). Macrophages are multifunctional immune cells in the innate immune system, which remove apoptotic cells by phagocytose, present antigens, and produce pro-inflammatory cytokines and chemokines, such as interleukin-1β (IL-1β), IL-6, and tumor necrosis factor-α (TNF-α) ([@b9-etm-0-0-8826],[@b10-etm-0-0-8826]). When an organ is infected or overwhelmed with inflammation, macrophages first differentiate into M1 to release pro-inflammatory cytokines against the stimulus, including TNF-α, interleukin-1β (IL-1β), IL-12 and IL-23([@b11-etm-0-0-8826]). In order to offset this, M2 macrophages secrete a large number of such anti-inflammatory cytokines as IL-10 and transforming growth factor-β1 (TGF-β1), while contributing to angiogenesis, tissue repair and remodeling ([@b12-etm-0-0-8826],[@b13-etm-0-0-8826]). It means that M2 macrophages suppress inflammation, promote tissue remodeling, and bring a return to tissue homeostasis, following the initial M1-macrophage-induced response ([@b14-etm-0-0-8826],[@b15-etm-0-0-8826]). M1/M2 macrophages are in dynamic equilibrium under normal circumstances, but when macrophage polarization is biased towards M1, the homeostasis evolves to an inflammatory response to damage peripheral tissue and activate immune system, which may be one of the major factors behind autoimmune liver diseases.

TGF-β1 is the most involved molecule ([@b16-etm-0-0-8826]) and may be produced by multiple cell types. Focus has been mainly on its biological functions in embryonic development and tissue repair and recently on its key regulation of the immune cell functions ([@b17-etm-0-0-8826],[@b18-etm-0-0-8826]). TGF-β1 has 99% ([@b19-etm-0-0-8826]) homology between human and mice, and was given the only priority in the study to explore its effect on macrophage immune responses. By regulating the chemotaxis, activation and transformation of immune cell varieties, TGF-β1 controls the process of inflammatory response in the body ([@b20-etm-0-0-8826]). TGF-β1 is associated with polydysplasia and various human diseases, including cancer, fibrosis and autoimmune diseases ([@b21-etm-0-0-8826],[@b22-etm-0-0-8826]). The severity of PBC may be indicated by TGF-β1, a marker of fibrosis ([@b23-etm-0-0-8826],[@b24-etm-0-0-8826]). Tang *et al* ([@b25-etm-0-0-8826]) found that TGF-β1 played a dual role in PBC progression, inhibitiing inflammatory response while enhancing fibrogenesis.

By animal trial and cell trial, this study explored whether TGF-β1 can affect the progression of cholestatic cirrhosis in mice by suppressing the immune response of Kupffer cells (KCs). It might bring clinical treatment of cholestatic cirrhosis into a new direction.

Materials and methods
=====================

### Laboratory animals and main reagents

Six-week-old male BALB/c mice were purchased from Changzhou Cavens Lab Animal Co., Ltd. with an animal license number of SCXK (Su) 2016-0010. TGF-β1 (ab50036), NF-κB (ab131546; 1:1,000 dilution), IL-6 (ab7737; 1:20 dilution), IL-1β (ab9722; 0.2 µg/ml), TNF-α (ab6671; 1:1,000 dilution), inducible nitric oxide synthase (iNOS) (ab15323; 1:200 dilution), Arg-1 antibody (ab91279; 1 µg/ml), goat anti-rabbit IgG secondary antibody (ab6721; 1:10,000 dilution), glyceraldehyde 3-phosphate dehydrogenase (GAPDH) antibody (ab181602; 1:300 dilution), CD40 antibody (ab22469; 10 µl/10^6^ cells), CD80 antibody (ab106162; 10 µl/10^6^ cells) and CD206 antibody (ab64693; 10 µl/10^6^ cells) were supplied by Abcam; CD204 antibody (50129-R004-F; 10 µl/10^6^ cells) by Sino Biological Inc. Fetal bovine serum, DMEM and ECL were supplied by Gibco; Thermo Fisher Scientific, Inc. RIPA lysis buffer and BCA protein assay kit were supplied by Yubo Biology Co., Ltd. RNA extraction kit, reverse transcription kit and polymerase chain reaction (PCR) reagent were supplied by Baiaolaibo. Synthesized PCR primer was supplied by BGI. Galunisertib and LPS were supplied by Selleck. IV collagenase (17104019) was from Gibco; Thermo Fisher Scientific, Inc. Type III procollagen N-terminal peptide (PIIINP) (SXM074), type IV collagen (IVC) (SXM075), laminin (LN) (SXM077), hyaluronidase (HA) (SXM078) kits were from Shanghai Runwell technology Co., Ltd.

The study was approved by the Ethics Committee of The Affiliated Changzhou No. 2 People's Hospital of Nanjing Medical University (Changzhou, China).

### Establishment and grouping of animal models

As previously described ([@b2-etm-0-0-8826]), 40, 6-week-old BALB/c mice were included in the trial to randomly receive a sham operation (Mock group, n=10), bile duct ligation (BDL group, n=15) or BDL and TGF treatment (TGF group, n=15). Mice were raised in SPF laboratory animal room and given the same animal feed and drinking water. The animal room was provided with natural light and was well ventilated, with the temperature of 20-25˚C. The experiment began after adaptive feeding for one week. After fasting for 8 h, mice were anesthetized via intraperitoneal injection of 0.3% pentobarbital sodium at the dose of 45 mg/kg and then dissected to separate the common bile duct. The common bile duct was ligated in the BDL group and TGF group, whereas, it was isolated rather than ligated before the closure of the abdominal cavity in the Mock group. The entire trial was carried out under aseptic conditions. TGF group was injected subcutaneously with 1 µg TGF-β1 at multiple sites on days 0, 2, 4, 6 and 8, respectively. They were maintained in the specific-pathogen-free (SPF) laboratory for 11 days and sacrificed by breaking the neck to draw blood samples through portal veins. Liver tissue obtained was stored in liquid nitrogen. During the experiment, no mice died due to adverse events or poor postoperative recovery.

### Total protein extraction

To extract total protein from liver tissue: 100 mg of liver tissue was separated from mice, sliced as much as possible with sterilized scissors and put into 1.5-ml EP tube. The tube was added with 0.5 ml RIPA lysis buffer on ice to homogenize with an ultrasonic homogenizer and placed on ice again for 30 min. Subsequently, the liver tissue was centrifuged at 4˚C and 13,780 x g for 5 min to extract the supernatant, then the supernatant was separated in 0.2 ml centrifuge tubes and stored at -20˚C.

To extract total protein from KCs: KCs were isolated from mouse livers according to previous research ([@b26-etm-0-0-8826]) and collected in a dish which was then added with lysis buffer at the bottom. Left standing for 5 min, cell lysate was scraped into 1.5 ml EP tubes, and centrifuged at 4˚C and 13,780 x g for 20 min after being placed on ice for 30 min, to extract the supernatant as the total protein. Then the extract was subpackaged in 0.2 ml centrifuge tubes and stored at -20˚C for subsequent steps.

### KCs isolation and culture

With the reported method ([@b27-etm-0-0-8826]), KCs in the liver of mice in Mock group, BDL group and TGF group were isolated. In addition, 20 6-week-old BALB/c mice without any experiment were raised in SPF laboratory animal room and given the same animal feed and drinking water. The animal room was provided with natural light and was well ventilated, with the temperature of 20-25˚C. Subsequently, the mice were sacrificed by neck-breaking to isolate KCs. The specific method was: the blood in the liver was removed by portal vein perfusion with 10 ml of calcium-free Hank balanced salt solution. The liver tissue was minced and incubated in a container containing 50 units of type IV collagenase for 30 min at 37˚C. The liver homogenate filtrate was then subjected to discrete gradient centrifugation to isolate non-parenchymal cells. The obtained cells were further incubated at 37˚C with 5% CO~2~ for 2 h to obtain KCs after removing non-adherent cells. KCs were collected from mice in the two experiments for later use. The final density of the collected KCs was 1x10^6^/well. Cells isolated from the liver of 6-week-old BALB/c mice without any experiments were divided into control group, LPS group, TGF group and Galunisertib group. LPS group was treated with 100 ng/ml LPS for 12 h; TGF group was pretreated with 10 ng/ml TGF for 3 h, then stimulated with 100 ng/ml LPS, and cultured for 12 h; Galunisertib group was pretreated with 10 µM Galunisertib and 10 ng/ml TGF for 3 h, and then cultured with 100 ng/ml LPS for 12 h.

### RNA extraction

The cells were washed twice with phosphate-buffered saline (PBS). After the addition of 1 ml of TRIzol, the cells were put an ice until there was no significant precipitation in the lysate; then transfer to a clean 1.5 ml EP tube and left to stand at room temperature for 5 min.

Chloroform (200 µl) was added, the centrifuge tube was covered, shaken at room temperature for 15 sec, and then the solution was fully emulsified. After standing at room temperature for 5 min, centrifugation at 13,780 x g for 15 min at 4˚C, and the supernatant was transferred to a new EP tube.

Isopropanol (0.5 ml) was added and allowed to stand at 4˚C for 20 min to precipitate RNA, followed by centrifugation at 13,780 x g for 15 min at 4˚C. The supernatant was removed and transferred to a new EP tube, washed with 1 ml of 75% ethanol. After the mixing, the mixture was centrifuged at 13,780 x g at 4˚C for 20 min, and the supernatant was discarded.

The precipitate was dried at room temperature for 2-5 min, and an appropriate amount of DEPC water was added to dissolve the RNA precipitate.

The nucleic acid quantifier NanoDrop2000 was used to test the ratio of A260/A230 and A260/A280 to detect the extraction effect of fecal DNA.

### Real-time PCR detection

Real-time PCR is a technique to detect the mRNA level of inflammatory cytokines. The sequences of the primers are shown in [Table I](#tI-etm-0-0-8826){ref-type="table"}.

PCR reaction system is shown in [Table II](#tII-etm-0-0-8826){ref-type="table"}. The detailed reaction steps are as follows: Predenaturation at 98˚C for 30 sec. After predenaturation, 35 cycles of routine PCR amplification were performed, including denaturation at 98˚C for 10 sec, annealing at 54˚C for 30 sec, extension at 72˚C for 45 sec and finally extended at 72˚C for 10 min.

In the experiment, three multiple wells were made for each sample, and the starting copy number of the target gene in the sample was calculated by comparing the measured Ct value with the standard curve.

### Western blot analysis

The protein concentration of liver extract and KCs extract was quantified by BCA Protein Assay. Then transfered onto PVDF membrane at 100 V after SDS-PAGE, and blocked with 5% skim milk at room temperature for 1 h. The liver extract was incubated overnight at 4˚C with NF-κB (diluted at 1:1,000), IL-6 (diluted at 1:20), IL-1β (0.2 µg/ml) and TNF-α (diluted at 1:1,000) primary antibodies, which was roughly the same procedure as that for the KC extract with the exception that the additives were iNOS (diluted at 1:200) and Arg-1 (1 µg/ml) primary antibodies. In addition, the KC extract was subsequently incubated overnight with GAPDH (diluted at 1:300) primary antibody at 4˚C, and with secondary antibody (diluted at 1:10,000) for 1 h at room temperature. After exposure, the film was scanned and the molecular weight and optical density of the target band were analyzed by ImageJ processing system.

### Flow cytometry

Flow cytometry was adopted to determine the percentages of CD40, CD80, CD204 and CD206 as macrophage surface antigens. First, the four KC groups were cultured for 12 h and washed with PBS once to collect 1x10^6^ adherent cells into flow cytometry tubes. Next, the collected cells were rinsed with 1-ml PBS twice and re-suspended with 200-µl PBS. Then KCs were incubated with FITC-labeled CD40 antibody, CD80 antibody, CD204 antibody and CD206 antibody at 4˚C for 30 min. After washed 3 times with 1-ml PBS, the cells were centrifuged at 1,038 x g at 4˚C for 5 min, washed, and re-suspended with 200-µl PBS to detect CD40, CD80, CD204 and CD206 with BD FACSARIA II Flow Cytometer of Becton-Dickinson and Company (BD). The detection results were analyzed with Flowjo in percentage.

### Liver function test

The levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and γ-glutamyltranspeptidase (γ-GT) in mice were measured as indicators to evaluate liver function. Four indicators of liver fibrosis in serum were tested to assess the degree of fibrosis in the liver, including concentration of PIIINP, IVC, LN and HA.

### Statistical analysis

SPSS V.24.0.0 was used for statistical analysis. All the data followed a normal distribution. One-way ANOVA was used for comparison of multiple groups. The Bonferroni test was preferred for pairwise comparison, whereas the t-test for comparison of means of two independent groups. The difference obtained was statistically significant at P\<0.05.

Results
=======

### TGF-β1 improves liver function in cholestatic mice

Compared with Mock group, mice in the BDL group had significant increase in ALT and AST (P\<0.05) but there was significant decrease in ALT and AST in the TGF group (P\<0.05) ([Fig. 1](#f1-etm-0-0-8826){ref-type="fig"}), which indicated that BDL caused severe hepatocyte injury while TGF could mitigate the injury. Besides, γ-GT was significantly higher in BDL group than that in Mock group and TGF group ([Fig. 1](#f1-etm-0-0-8826){ref-type="fig"}), suggesting that BDL was accompanied by cholestasis, whereas TGF relieved this lesion. In addition, the results of liver fibrosis, PIIINP, IVC, LN and HA in mouse serum are shown in [Table I](#tI-etm-0-0-8826){ref-type="table"}. Compared with the Mock group, the degree of liver fibrosis of the BDL group and the TGF group was significantly increased, and the degree of the BDL group was significantly higher than that in the TGF group ([Table III](#tIII-etm-0-0-8826){ref-type="table"}). Thus it was considered that TGF ameliorated noticeably hepatocyte injury, cholestasis and degree of liver fibrosis in mice.

### TGF-β1 decreases expression of inflammatory cytokines in cholestatic mice

As shown in [Fig. 2](#f2-etm-0-0-8826){ref-type="fig"}, the levels of inflammatory cytokines, IL-1β, IL-6 and TNF-α, in BDL group were significantly increased in comparison to Mock group (P\<0.05) and TGF group (P\<0.05). The outcomes also included NF-κB in hepatocytes, which were expressed significantly higher in BDL group than that in Mock group and TGF group (P\<0.05). In this study, the expression level of IL-10 in the liver of mice was measured. As shown in [Fig. 3](#f3-etm-0-0-8826){ref-type="fig"}, the liver cells of mice in the BDL group and the Mock group secreted only a small amount of IL-10, while the level of IL-10 in the TGF group increased significantly. This showed the alleviation of TGF in liver inflammation in cholestatic mice.

### TGF-β1 induces M2 transformation of KCs in cholestatic mice

The protein expression of macrophage-specific markers in isolated KCs shown in the results, the expression of iNOS and Arg-1 significantly increased in BDL group, where iNOS was more expressed than Arg-1 (P\<0.05), compared with that of Mock group. The TGF group had significantly lower iNOS protein expression and Arg-1 was significantly higher than those in BDL group (P\<0.05). iNOS protein is an M1 macrophage-specific marker, while Arg-1 protein is M2 macrophage-specific, so it can be concluded that TGF treatment could induce KCs in cholestatic mice to transform from M1 to M2 ([Fig. 4](#f4-etm-0-0-8826){ref-type="fig"}).

### TGF-β1 downregulates expression of LPS-activated inflammatory cytokines in KCs

Real-time PCR showed that the relative mRNA expression of IL-1β, IL-6 and TNF-α were significantly lower in TGF group treated with LPS and TGF than those in mice treated with LPS alone (P\<0.05) and in Galunisertib group (P\<0.05), but there was no significant change between Galunisertib group and LPS group (P\>0.05) ([Fig. 5](#f5-etm-0-0-8826){ref-type="fig"}). [Fig. 6](#f6-etm-0-0-8826){ref-type="fig"} illustrates that NF-κB expression was significantly lower in TGF group by contrast with LPS group which had no significant difference from Galunisertib group. TGF downregulated NF-κB pathways in KCs, and NF-κB was a participant and important player in inflammatory responses. Kupffer cells in the control group, LPS group, and inhibitor group secreted only a small amount of IL-10, while Kupffer cells in the TGF group secreted more IL-10 ([Fig. 7](#f7-etm-0-0-8826){ref-type="fig"}). TGF was hereby demonstrated to be anti-inflammatory as it downregulated the inflammatory pathway and inflammatory cytokines in KCs.

### TGF-β1 induces LPS-activated KCs to transform into M2

Flow cytometry was adopted to determine the percentages of CD40, CD80, CD204 and CD206. As seen in [Table III](#tIII-etm-0-0-8826){ref-type="table"}, as M1 macrophage-specific surface antigens, CD40 and CD86 were in significantly higher percentages in LPS group than those in control group and TGF group (P\<0.05), while the TGF group had the CD204 and CD206 on M2 macrophage surfaces at a significantly higher level compared with those in the other two groups (P\<0.05). [Fig. 8](#f8-etm-0-0-8826){ref-type="fig"} shows that iNOS protein expression was significantly higher in LPS group than that in control group and TGF group, whereas Arg-1 protein expression was significantly lower in comparison to TGF group. It indicated that TGF induced M2 transformation of LPS-activated KCs.

Discussion
==========

Cholestasis, a multi-etiological clinical syndrome, has gradually developed into one of the major health concerns ([@b28-etm-0-0-8826]), so new targets need to be found urgently in clinic.

TGF-β1 is a key player in various normal physiological and pathological processes. It regulates macrophage apoptosis induced by low serum concentration ([@b26-etm-0-0-8826],[@b31-etm-0-0-8826],[@b32-etm-0-0-8826]), and effectively inhibits the occurrence of macrophage inflammatory response as macrophages mature.

Liver function test is widely used to detect liver condition in terms of ALT and AST, transaminase in hepatocytes and to indicate liver injury ([@b33-etm-0-0-8826]). Serum γ-GT is an indicator of biliary obstruction and hepatitis activity ([@b34-etm-0-0-8826]). Bile duct ligation (BDL), is the most common model used to induce cholestatic fibrosis in rodents ([@b35-etm-0-0-8826],[@b36-etm-0-0-8826]). The results showed that AST and ALT in mice that underwent BDL increased significantly, indicating hepatocyte necrosis, while increased γ-GT indicated cholestasis. However, mice injected with TGF-β1 had significantly mitigated hepatocyte injury, which suggested that TGF-β1 might relieve liver injury and cholestasis.

It was found that the injection of TGF-β1 suppressed the nuclear factor κ-light-chain-enhancer of activated B cells (NF-κB) pathway in the liver and significantly reduced the expression of IL-1β, IL-6, TNF-α in mice receiving BDL with real-time PCR and the western blot analysis. NF-κB may cause severe inflammation under abnormal conditions ([@b37-etm-0-0-8826]). It is generally expressed in cytoplasm of almost all cell types ([@b38-etm-0-0-8826]). NF-κB binding activity is normally absent in stable binding to IκB, but in case of external stimulation, the cell surface is activated, regulating the immune response of target genes to produce inflammatory cytokines ([@b39-etm-0-0-8826],[@b40-etm-0-0-8826]) such as IL-6, IL-1 and TNF-α. TGF-β1, as an anti-inflammatory cytokine, effectively inhibits NF-κB pathway in BDL mice. Macrophages are released and activated in the portal area of PBC patients to release a large amount of inflammatory cytokines, such as TNF-α, IL-1β and IL-6, causing cascade inflammatory cytokine responses and severe liver injury ([@b41-etm-0-0-8826]). The western blot analysis concluded in this study that treating BDL mice with TGF-β1 reduced the expression of IL-1β, IL-6 and TNF-α, members of pro-inflammatory cytokines of which the latter two were linked to oxygen-radical-mediated liver injury and thus cholestatic hepatitis in recent studies ([@b42-etm-0-0-8826]). It suggests that they play critical roles in the formation of acute intrahepatic cholestasis ([@b43-etm-0-0-8826]). Expression of IL-1β, IL-6, and TNF-α were significantly increased in LPS group pretreated with TGF-β1 in comparison to LPS group. Galunisertib is a TGF-β1 receptor inhibitor used to determine changes in the study target TGF-β1, and the results indicate that they returned to the levels following LPS treatment after the mice were administered TGF-β1 inhibitor Galunisertib, showing that TGF-β1 protected the inflammatory response of KCs. Hence, TGF-β1 inhibited the production of inflammatory cytokines, and downregulated the expression of upstream regulatory proteins, thus alleviating liver injury caused by inflammatory responses.

KCs are the main source of pro-inflammatory cytokines in the liver ([@b44-etm-0-0-8826]). Intestinal LPS has been observed to promote the pro-inflammatory response of liver macrophages, resulting in increased transcription of bile acid and bilirubin and cholestatic hepatocellular injury initiated by bile acid accumulation in the liver ([@b47-etm-0-0-8826]). Activation of NF-κB pathway in KCs is accompanied by high amounts of pro-inflammatory cytokines, thus aggravating the inflammatory response in the liver, while increased release of IL-10 by KCs reduces inflammation. The difference is caused by different phenotypes of KCs. Macrophages secrete enzymes and cytokines to produce anti-inflammation, promote tissue repair and angiogenesis, and regulate immune responses; these secreted cytokines further affect the polarization state of macrophages ([@b48-etm-0-0-8826]). KCs is mainly grouped into two significantly different types: classically activated M1 KCs and alternatively activated M2 KCs. iNOS is recognized in considerable number of studies as a specific expression marker of M1 macrophages, whereas, Found in Inflammatory Zone 1 (FIZZ1), arginase-1 (Arg-1) and IL-10 are those of M2 macrophages ([@b51-etm-0-0-8826],[@b52-etm-0-0-8826]). In both the animal trial and cell trial, TGF-β1 treatment was observed to elevate the expression of M2-specific ARG-1 and the percentages of surface antigens CD203 and CD206, but lower the expression of M1-specific iNOS and the percentages of CD40 and CD86, which indicated that TGF-β1 treatment could induce M2 transformation of macrophages in cholestatic mice. M1 macrophages are crucial in inflammatory responses, pathogen clearance and antitumor immunity, while by secreting cytokines such as IL-10, M2 is anti-inflammatory, inhibiting immune responses, and parasite clearance and angiogenesis ([@b53-etm-0-0-8826]). The above-mentioned trials confirmed that TGF-β1 promoted the differentiation of macrophages into M2, but the specific mechanism remains unknown.

This study was a preliminarily confirmation that TGF-β1 interfered with the activation of NF-κB signal transduction pathway in macrophages and the expression of IL-1β, IL-6 and TNF-α, thus suppressing the inflammatory responses of cholestatic hepatitis. It provided laboratory basis for clinical use of TGF drugs in treatment of cholestatic hepatitis.
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![Effects of TGF-β1 on (A) ALT, (B) AST and (C) γ-GT in cholestatic mice. Mock group (n=10) underwent a sham operation. BDL group (n=15) had bile duct ligated. TGF group (n=15) was injected with TGF-β1 after bile duct ligation. ^\*^P\<0.05 compared with Mock group; ^\#^P\<0.05 compared with BDL group. TGF-β1, transforming growth factor-β1; ALT, alanine aminotransferase; AST, aspartate aminotransferase; γ-GT, γ-glutamyltranspeptidase; BDL, bile duct ligation.](etm-20-02-1541-g00){#f1-etm-0-0-8826}

![Expression of (A) IL-1β, (B) IL-6, (C) TNF-α and (D) NF-κB in hepatocytes of each group, detected by (E) western blotting. ^\*^P\<0.05 compared with Mock group; ^\#^P\<0.05 compared with BDL group. IL, interleukin; TNF-α, tumor necrosis factor-α; NF-κB, nuclear factor-κB; BDL, bile duct ligation.](etm-20-02-1541-g01){#f2-etm-0-0-8826}

![IL-10 protein expression level in liver cells of mice in each group. ^\*^P\<0.05 compared with the Mock group; ^\#^P\<0.05 compared with the BDL group. IL, interleukin.](etm-20-02-1541-g02){#f3-etm-0-0-8826}

![Protein expressions of (A) iNOS and (B) Arg-1 in KCs in each group, detected by (C) western blotting. ^\*^P\<0.05 compared with Mock group; ^\#^P\<0.05 compared with BDL group. iNOS, inducible nitric oxide synthase; Arg-1, arginase-1; KCs, Kupffer cells; BDL, bile duct ligation.](etm-20-02-1541-g03){#f4-etm-0-0-8826}

![Relative mRNA expression of IL-1β, IL-6 and TNF-α in KCs in each group. Compared to the control group, LPS group was treated with 100 ng/ml LPS for 12 h; TGF group was pretreated with 10 ng/ml TGF for 3 h, then stimulated with 100 ng/ml LPS, and cultured for 12 h. Inhibitor group was pretreated with 10 µM Galunisertib and 10 ng/ml TGF for 3 h, and then cultured with 100 ng/ml LPS for 12 h. ^\*^P\<0.05 compared with the control group; ^\#^P\<0.05 compared with LPS group. IL, interleukin; TNF-α, tumor necrosis factor-α; KCs, Kupffer cells.](etm-20-02-1541-g04){#f5-etm-0-0-8826}

![Protein expression of NF-κB in KCs in each group. (A) protein expression. (B) Western blot figure. ^\*^P\<0.05 compared with control group; ^\#^P\<0.05 compared with LPS group. NF-κB, nuclear factor-κB; KCs, Kupffer cells.](etm-20-02-1541-g05){#f6-etm-0-0-8826}

![Relative expression of IL-10 mRNA in Kupffer cells. control group, blank control group; LPS group, Kupffer cells were treated with 100 ng/ml LPS; TGF group, Kupffer cells were pretreated with 10 ng/ml TGF for 3 h, then 100 ng/ml LPS was added to stimulate KCs, to culture for 12 h; Galunisertib group, Kupffer cells were pretreated with 10 µM Galunisertib inhibitor and 10 ng/ml TGF for 3 h, and then 100 ng/ml LPS was added to culture KCs for 12 h. ^\*^P\<0.05 compared with the control group; ^\#^P\<0.05 compared with the LPS group. IL, interleukin; TGF-β1, transforming growth factor-β1; KCs, Kupffer cells.](etm-20-02-1541-g06){#f7-etm-0-0-8826}

![Protein expression of iNOS and Arg-1 in KCs in each group. (A) Protein expression of iNOS. (B) Protein expression of Arg-1. (C) Western blot figure. ^\*^P\<0.05 compared with control group; ^\#^P\<0.05 compared with LPS group. iNOS, inducible nitric oxide synthase; Arg-1, arginase-1; KCs, Kupffer cells.](etm-20-02-1541-g07){#f8-etm-0-0-8826}

###### 

The sequences of the primers.

  Genes   Forward primers                Reverse primers
  ------- ------------------------------ --------------------------------
  TNF-α   5\'-CATACCAGGAGAAAGTCAGC-3     5\'-CTAAGTACTTGGGCAGGTTG-3\'
  IL-6    5\'-GTTCTCTGGGAAATCGTGGA-3\'   5\'-TGTACTCCAGGTAGCTA-3\'
  IL-1β   5\'-CCAGGATGAGGACATGAGCA-3\'   5\'-CGGAGCCTGTAGTGCAGTTG-3\'
  GAPDH   5\'-TCAACGGGGGACATAAAAGT-3\'   5\'-TGCATTGTTTTACCAGTGTCAA-3\'

TNF-α, tumor necrosis factor-α; IL, interleukin; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

###### 

PCR reaction system.

  PCR reaction element           PCR reaction volume
  ------------------------------ ---------------------
  Phusion^®^ Hot Start Flex 2X   12.5 µl
  Master Mixart version          
  Forward primer (1 µM)          2.5 µl
  Reverse primer (1 µM)          2.5 µl
  Template DNA                   50 ng

PCR, polymerase chain reaction.

###### 

Percentages of surface antigens in KCs in each group.

  Molecule   Control group (%)   LPS group (%)                                               TGF group (%)
  ---------- ------------------- ----------------------------------------------------------- -----------------------------------------------------------
  CD40       33.29±4.852         73.86±6.674^[a](#tfn1-etm-0-0-8826){ref-type="table-fn"}^   51.67±5.845^[b](#tfn2-etm-0-0-8826){ref-type="table-fn"}^
  CD86       19.43±3.586         85.84±4.684^[a](#tfn1-etm-0-0-8826){ref-type="table-fn"}^   53.66±5.075^[b](#tfn2-etm-0-0-8826){ref-type="table-fn"}^
  CD204      13.60±2.821         29.25±4.375^[a](#tfn1-etm-0-0-8826){ref-type="table-fn"}^   47.23±7.826^[b](#tfn2-etm-0-0-8826){ref-type="table-fn"}^
  CD206      12.21±2.557         28.20±4.889^[a](#tfn1-etm-0-0-8826){ref-type="table-fn"}^   53.27±7.109^[b](#tfn2-etm-0-0-8826){ref-type="table-fn"}^

^a^P\<0.05 compared with control group;

^b^P\<0.05 compared with LPS group. KCs, Kupffer cells; TGF, transforming growth factor.

[^1]: ^\*^Contributed equally
